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Ill Inventive step 

1 . D2 is regarded as the closest prior art with respect to the question whether the novel 
subject-matter in the claims involves an inventive step. D2 discloses the culture of 
Mycobacterium tuberculosis in batch cultures, with agitation and in the presence of 
detergent. The problem to be solved by the present invention in view of D2 is the 
provision of further methods for the culture of mycobacteria in liquid medium. 

2. The solution provided by the present application consist of an increased amount of 
detergent in the medium resulting in a homogenous suspension of cells. This appears 
to be suitable for continuous culture, which has the advantage of avoiding batch to 
batch variations that may be detrimental for the controlled production of mycobacterial 
components for therapeutic and vaccine applications. Hence the subject-matter in 
claims 1-22 involves an inventive step according to Article 33(3) PCT. 
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S\f concentration of mycobacteria, host avaiiable in the culture medium. Thus, a 
^ further objective of the present invention is to provide a method of cultunng 
mycobacteriophage which overcomes/alleviates the prior art poor yield problems. 

5 Accordingly, a first aspect of the invention provides a method of culture of 
mycobacteria, comprising cuituring said mycobacteria, in batch or continuous 
culture, with agitation and in the presence of sufficient detergent so that a 
substantially homogenous suspension of cells is maintained. 

Preferably the method of the invention comprises growing said mycobacteria in 
batch or continuous culture, at a temperature of 35-C + /- 10-C. at a dissolved 
oxygen tension of at .east 1.0 percent, at a P H of 6.9 + /- 0.9 and with ag*at,on 
in the presence of sufficient detergent to maintain a substantially homogenous 
suspension of single cells. 

,n use of the present invention, illustrated by specific embodiments described 
below in more detail, and using Mycobacteria tuberculosis, we have developed 
a method which allows high yields of bacteria from both batch and confnuous 
culture systems. Further, we have shown that mycobacteria generated us.ng the 
methods of embodiments of the present inventions are highly virulent as 
demonstrated in a standard guinea pig infection model of M.tuberculosis. Indeed, 
potency of Mycobacteria tuberculosis grown using these methods is comparable 
with M.tuberculosis grown using the solid agar slope method. 

, n a specific embodiment of the present invention, growth of M.tuberculosis An 
steady-state continuous culture achieved a biomass yield of 1.2gl cell dry 
weight Cells grown in this continuous culture, and also in batch culture, displayed 
virulence comparable to cells grown on Middlebrook agar slopes, strongly 
indicating the suitability of these methods for growth of mycobacteria sop. such 
as M. tuberculosis or M. bovis, for prolonged periods in chemostat culture. 

,t is thus an advantage that the method of the invention enables growth at 
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specific embodiment a dilution rate of about 0.03 h" 1 was achieved in continuous 
culture, representing a mean doubling time of about 24 hours. 

The invention further provides, in a second aspect, a growth medium for culture 
of mycobacteria, comprising:- 

a carbon source; 

a mitogen; 

trace elements comprising at least Mg, K. P and S; 
a nitrogen source. 

The carbon source is preferably selected from glucose, glycerol and an amino 
acid, and combinations of these carbon sources. The mitogen is present to 
induce cell division and is preferably asparagine. though other mitogens from 
inorganic sources are also suitable. Trace elements in the growth medium are 
preferably selected from Ca. Mg. Zn. Co. Cu, Mn. Fe. K and mixtures thereof, 
and the nitrogen source is selected from an amino acid and an ammonium salt. 

The growth medium optionally further comprises an amino acid component 
selected from alanine, arginine. asparagine. aspartic acid, glutamic acid, glycine, 
isoleucine. leucine, phenylalanine, serine, and mixtures thereof. The amino acid 
component can contribute the nitrogen source in the medium. 

Other optional components are a vitamin/co-factor component selected from:- 
inositol, thiamine, calcium pantothenate, co-enzyme A. nicotinamide, biotin. DL- 
thioctic acid, and mixtures thereof, preferably biotin; and one or more components 
selected from sodium hydroxide, glutathione, glycerol, haemin. sodium pyruvate 
and a-ketoglutarate, preferably glycerol and/or pyruvate. 

Thus, a particularly preferred embodiment of the invention provides a method of 
culture of mycobacteria, comprising culturing said mycobacteria, in batch or 
continuous culture, with agitation in the presence of sufficient detergent so that 
a substantially homogenous suspension of single cells is maintained, and in the 
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CLAIMS 

1 A method of culture of mycobacteria, comprising culturing said 
mycobacteria, in batch or continuous culture, with agitation and in the presence 
5 of sufficient detergent so that a substantially homogenous suspension of cells « 
maintained. 

2. A method according to Claim 1 , comprising culturing the mycobacteria in 
the presence of at least 0.1% (v/v) detergent. 

10 

3. A method according to Claim 1or2. comprising culturing the mycobactena 
at a temperature of 35°C +/- 10°C. 

4. A method according to any of Claims 1Jo3. comprising maintaining the 
15 pH at 6.9 +/- 0.9. 

5 A method according to any of Claims 1 to 4, comprising culturing the 
mycobacteria with an initial dissolved oxygen concentration of at least 1% (v/v) 
air saturation. 

20 

6 . A method according to any of Claims 1 to 5, for culture of mycobactena 
selected from M. tuberculosis, M. bovis and M. vaccae. 

7 A method according to any of Claims 1 to 6 for batch culture of 
25 mycobacteria, wherein detergent is present at from 0.1 to 1 .0 % (v/v). 

8. A method according to Claim 7, wherein detergent is present at about 0.2 
% (v/v). 

30 9. A method according to any of Claims 1 to 6 for continuous culture of 
mycobacteria, wherein detergent is present at at least 0.1 % (v/v). 
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10. A method according to Claim 9, wherein detergent is present at at least 
0.15%(v/v). 

1 ! . A method according to Claim 9 or 10, wherein the culture is carried out 
continuously with a dilution rate of at least 0.02 h\ 

12. A method according to Claim 11, wherein the culture is carried out 
continuously with a dilution rate of at least 0.025 h' 1 . 

13. A method of culture of mycobacteria, comprising growing said 
mycobacteria in continuous culture, at a temperature of 35»C +/- 10«C, at a 
dissolved oxygen tension of at least 1 percent, at a P H of 6.9 +/- 0.9, at a dilution 
rate of at least 0.02 h" 1 and with agitation in the presence of sufficient detergent 
to maintain a substantially homogenous suspension of single cells. 

14. A growth medium for culture of mycobacteria, comprising:- 
a carbon source; 

a mitogen; 

trace elements comprising at least Mg, K, P and S; 
a nitrogen source. 

15. A growth medium according to Claim 14. wherein the carbon source is 
selected from glucose, glycerol and an amino acid. 

16. A growth medium according to Claim 14 or 15, wherein the mitogen is 
asparagine. 

17 A growth medium according to any of Claims 14 to 16, comprising trace 
elements selected from Ca. Mg. Zn. Co, Cu, Mn. Fe. K. and mixtures thereof. 

18 A growth medium according to any of Claims 14 to 17. wherein the 
nitrogen source is selected from an amino acid and an ammonium salt. 
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19. A growth medium according to Claim 18. comprising an amino acid 
component selected from alanine, arginine, asparagine, aspartic acid, glutamic 
acid, glycine, isoleucine, leucine, phenylalanine, serine and mixtures thereof. 

20. A growth medium according to any of Claims 1 4 to 1 9, further comprising 
a vitamin/co-factor component selected from inositol, thiamine, calcium 
pantothenate, co-enzyme A. nicotinamide, biotin. DL-thioctic acid, and mixtures 
thereof. 

21 . A medium according to any of Claims 1 4 to 20. further comprising one or 
more components selected from sodium hydroxide, glutathione, glycerol, haemin, 
sodium pyruvate and a-ketoglutarate. 

22. A method of culture of mycobacteria, comprising culturing said 
mycobacteria, in batch or continuous culture, with agitation in the presence of 
sufficient detergent so that a substantially homogenous suspension of single cells 
is maintained, and in the presence of a growth medium according to any of 
Claims 14 to 22. 

23. A method of culture of mycobacteria substantially as hereinbefore 
described with reference to the examples. 

24. A growth medium substantially as hereinbefore described with reference 
to the examples. 

25. A method of culture of a mycobacteriophage, comprising culture of 
mycobacteria according to any of Claims 1-13. 22 or 23. and contacting said 
mycobacteria with a mycobacteriophage. 

26. A method according to Claim 25. comprising challenging the mycobacteria 
with an agent for promoting and/or assisting mycobacteriophage adsorption on 
the mycobacteria. 
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27. A method according to Claim 25. wherein challenge occurs prior to or 
substantially at the same time as contacting the mycobacteria with the 
mycobacteriophage. 

5 28. A method according to any of Claims 25-27, comprising reducing or 
minimising exposure of the phage to detergent present in the mycobacteria 
culture medium. 

29. A method according to Claim 28, comprising allowing a phage infection to 
10 be established, and increasing the detergent concentration to an amount 
sufficient to maintain a substantially homogenous suspension of the 
mycobacterial cells. 
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EXAMINATION REPORT 
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I. Basis of the report 

1 With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 



1-3,5-7,9-25 
4,8 



as originally filed 
as received on 



23/04/200 1 with letter of 



23/04/2001 



Claims, No.: 

1-28 



as received on 



23/04/2001 with letter of 



23/04/2001 



Drawings, sheets: 

1/4-4/4 as originally filed 



2 With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5 □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 

report.) 

6. Additional observations, if necessary: 



V. 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: 


Claims 


1-28 


No: 


Claims 




Yes: 


Claims 


1-28 


No: 


Claims 




Yes: 


Claims 


1-28 


No: 


Claims 





2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



I Documents 

The following documents have been taken into consideration: 
D1: The DIFCO manual, 10th edition, 303 and 568 (1984) 
D2: Am.Rev.Respir.Dis. 114, 807-811 ( L.G. Wayne, 1976) 
D3: Microbios 52, 97-103 (CM. McCarthy et al. f 1987) 



II Novelty 

In the prior art, neither methods for the culture of mycobacteria or mycobacteriophages 
in liquid medium and with agitation in the presence of at least 0.1% (v/v) detergent, nor 
a culture medium containing at least 0.1% (v/v) detergent have been disclosed. Hence, 
the subject-matter in claims 1-28, is novel within the meaning of Article 33(2) PCT. 



Ill Inventive step 

1 . D2 is regarded as the closest prior art with respect to the question whether the novel 
subject-matter in the claims involves an inventive step. D2 discloses the culture of 
Mycobacterium tuberculosis in batch cultures, with agitation and in the presence of 
detergent. The problem to be solved by the present invention in view of D2 is the 
provision of further methods for the culture of mycobacteria in liquid medium. 

2. The solution provided by the present application consist of an increased amount of 
detergent in the medium resulting in a homogenous suspension of cells. This appears 
to be suitable for continuous culture, which has the advantage of avoiding batch to 
batch variations that may be detrimental for the controlled production of mycobacterial 
components for therapeutic and vaccine applications. Hence the subject-matter in 
claims 1 -22 involves an inventive step according to Article 33(3) PCT. 
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Re Item VIII 

Certain observations on the international application 

Claims 22 and 23 are referring back to the description and cannot be accepted in view 
of Rule 6.2(a) PCT. The exceptions to this rule as envisaged in the International 
Preliminary Examination Guidelines C-lll, 4.10 do not apply here. 
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concentration of mycobacterial host available in the culture medium. Thus, a further 
objective of the oresent invention is to provide a method of culturing 
mycobacteriophage which overcomes/alleviates the prior art poor yield problems. 

5 Accordingly, a first aspect of the Invention provides a method of culture of 
mycobacteria, comprising culturing said mycobacteria, in batch fermenter culture 
or continuous culture, with agitation and in the presence of at least 0.1% (v/v) 
detergent. Sufficient detergent is present so that a substantially homogenous 
suspension of cells is maintained. 

10 

Preferably, the method of the invention comprises growing said mycobacteria in 
batch fermenter culture or continuous culture, at a temperature of 35"C +/- 10°C, 
at a dissolved oxygen tension of at least 1 .0 percent, at a pH of 6.9 +/- 0.9. 

15 In use of the present invention, illustrated by specific embodiments described below 
in more detail and using Mycobacteria tuberculosis, we have developed a method 
which allows high yields of bacteria from both batch and continuous culture 
systems. Further, we have shown that mycobacteria generated using the methods 
of embodiments of the present inventions are highly virulent as demonstrated in a 

20 standard guinea pg infection model of M.tuberculosis. Indeed, potency of 
Mycobacteria tuberculosis grown using these methods is comparable with 
M.tubercufosis grown using the solid agar slope method. 

In a specific embodiment of the present invention, growth of M.tuberculosis in 
25 steady-state continuous culture achieved a biomass yield of 1 ^gl' 1 cell dry weight. 
Cells grown in this continuous culture, and also in batch culture, displayed virulence 
comparable to cells grown on Middlebrook agar slopes, strongly indicating the 
suitability of these methods for growth of mycobacteria spp, such as M, tuberculosis 
or ML bows, for prolonged periods in chemostat culture. 

30 

It is thus an advantage that the method of the invention enables growth at 
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specific embodiment a dilution rate of about 0.03 h- was achieved in continuous 
culture, representing a mean doubling time of about 24 hours. 

The invention further provides, in a second aspect, a growth medium for culture of 
5 mycobacteria, comprising:- 
a carbon source; 
a mitogen; 

trace elements comprising at least Mg, K, P and S; 
a nitrogen source; and 
-I o at least 0.1 % (vAv) detergent. 

Thecemonsourceiso^^ 

and combinations of these carbon sources. The mitogen » present to mduce ce« 
dilton and is preferably asparagine, though other mitogens from .norganic 

sele^dfromCa.Mg.Zn^^ 

source is selected from an amino acid and an ammonium salt. 

The growth medium optionally further comprises an amino add component 
20 leTec^dtm a*nine. asinine, asparagine. aspartic ^"f^™, 
isoleudne, leucine, phenylalanine, serine, and mixtures thereof. The am.no add 
component can contribute the nitrogen source in the medium. 

Other optional components are a vitamin/co-factor component selected _fn>rn:- 

25 inositol, thiamine. oeUum pantothenate, co-enzyme A. n,cot,nam.de, Mn , DL- 
thioctio acid, and mixtures thereof, preferably blotin; and one or more component 
selected from sodium hydroxide, glutathione, glycerol, haemin. sod.um pyruvate 
and a-ketoglutarate. preferably glycerol and/or pyruvate. 

30 Thus, a particularly preferred embodiment of the invention provides , . ™*«*<* 
cunureofmycobacteria.comprisingcu.tur.ngsaidmycobacten^ 
culture or continuous culture, with agitation in the presence of at least 0.1% <v») 
detergent detergent so that a substantially homogenous suspense of single cells 
is maintained, and ii the 
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CLA1MS 



1 A method of culture of mycobacteria, comprising culturing said 
mycobacteria, in touch fermenter culture or continuous culture, with agitation 
and in the presence of at least 0.1% (vAv) detergent 

2. A method according to Claim 1 . comprising culturing the mycobacteria at 
a temperature of 35 e C +/- 10°C. 



10 3. A 
+/- 0.9. 



method according to Claim 1 or 2. comprising maintaining the pH at 6.9 



4. a method according to any of Claims 1 to 3. comprising culturing the 
mycobacteria with an initial dissolved oxygen concentration of at least 1% (v/v) 

15 air saturation. 

5. A method according to any of Claims 1 to 4, for culture of mycobacteria 
selected from M. tuterculosis. M. bows and M. vaccae. 



20 6. A method according to any of Claims 1 to 5 for batch culture of 
mycobacteria, wheroin detergent is present at from 0.1 to 1 .0 % (v/v). 

7. A method according to Claim 6. wherein detergent is present at about 0.2 
% (vAv). 



25 



8. A method according to any of Claims 1 to 5 for continuous culture of 
mycobacteria. 
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9, A method according to Claim 8, wherein detergent is present at at least 
0.15%(v/v). 

10. A method according to Claim 8 or 9. wherein the culture is carried out 
5 continuously with a dilution rate of at least 0.02 h" 1 



11. A method according to Claim 10, wherein the culture is carried out 
continuously with a dilution rate of at least 0.025 h" 1 - 

10 12. A method according to Claim 8 or 9, comprising growing said 

mycobacteria in continuous culture, at a temperature of 35*C +/- 10°C, at a 
dissolved oxygen tension of at least 1 percent, at a pH of 6.9 0.9, at a dilution 
rate of at least 0.02 h°. 

15 13. A growth medium for culture of mycobacteria, comprising:- 
a carbon source; 
a mitogen; 

trace elemenls comprising at least Mg, K, P and S; 
a nitrogen source; and 
20 at least 0. 1 % (vAv) detergent 

14. A growth medium according to Claim 1 3, wherein the carbon source is 
selected from glucose, glycerol and an amino acid. 

25 15, A growth medium according to Claim 1 3 or 14, wherein the mitogen is 
asparagine. 

16. A growth medi jm according to any of Claims 13 to 15, comprising trace 
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elements selected from Ca. Mg. Zn. Co. Cu. Mn. Fe. K, and mixtures thereof. 

17. A growth medium according to any of Claims 1 3 to 1 6. wherein the 
nitrogen source is sslected from an amino acid and an ammonium salt. 

5 

18. A growth medium according to Claim 17. comprising an amino acid 
component selected from alanine, arginine, asparagine. aspartic acid, glutamic 
acid, glycine, isoleucine, leucine, phenylalanine, serine and mixtures thereof. 

10 19. A growth medium according to any of Claims 13 to 18. further comprising 
a vitamin/co-factor component selected from inositol, thiamine, calcium 
pantothenate, co-enzyme A. nicotinamide, biotin, DL-thloctlc acid, and mixtures 

thereof. 

15 20. A medium a<«ording to any of Claims 1 3 to 1 9. further comprising one or 
more components s elected from sodium hydroxide, glutathione, glycerol, 
haemin, sodium pyruvate and a-ketoglutarate. 

21 . A method according to any of Claims 1-12, comprising cutturing said 

20 mycobacteria in the presence of a growth medium according to any of Claims 1 3 
to 20. 

22. A method of culture of mycobacteria substantially as hereinbefore 
described with refeience to the examples. 



25 



23. A growth medium substantially as hereinbefore described with reference 
to the examples. 
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24. A method of culture of a mycobacteriophage, comprising culture of 
mycobacteria according to any of Claims 1-12, 21 or 22, and contacting said 
mycobacteria with s mycobacteriophage. 

5 25. A method according to Claim 24, comprising challenging the 

mycobacteria with an agent for promoting and/or assisting mycobacteriophage 
adsorption on the mycobacteria. 

26. A method according to Claim 24, wherein challenge occurs prior to or 
1 0 substantially at the same time as contacting the mycobacteria with the 

mycobacteriophage. 

27. A method according to any of Claims 24-26, comprising reducing or 
minimising exposure of the phage to detergent present in the mycobacteria 

15 culture medium. 

28. A method according to Claim 27, comprising allowing a phage infection to 
be established, and increasing the detergent concentration to at least 0.1% (v/v) 
detergent. 



AMENDEP $KF""7 



